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NESTED BRIDGE SEAL

BACKGROUND OF THE INVENTION

The present invention relates generally to gas turbine engines, and, more
specifically, to seals therein.

A gas turbine engine is an assembly of various stator and rotor
components which require various types of seals to prevent undesirable leakage
of either the hot combustion gases therein or compressed air.

Axially adjoining stator components typically use a ring seal compressed
axially therebetween. The ring seal may be a complete 360° member, or it may
be circumferentially split at one location for eliminating hoop loads and stresses
therein. The split seal is radially elastic so that it may freely expand with an
adjoining stator component without hoop restraint or stress therefrom. Ring
seals are also axially elastic so that they may be initially axially compressed
between the adjoining components for effecting a seal therebetween.

Ring seals may have various fransverse cross-sectional configurations
such as E-seals or W-seals for example. These shapes provide the required
axial flexibility for effecting good seals around the circumference of the seal ring.

However, the circumferential split interrupts the ring to form a -gap which is a
leakage site, although small.

An_other version of the ring seal includes a circumferential segment which
spans the circumferential gap to reduce or eliminate leakage thereat. Since this
slip-seal includes two components, it is correspondingly more complex and
expensive to manufacture. The seal segment must be suitably attached to the
seal ring to span the circumferentially gap at all times. The segment is typically
attached to the ring by welding which further adds to the design complexity and
cost, and introduces corresponding heat affected zones. The weided joints are
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necessarily stress risers which must be accommodated for preventing excessive
stress thereat which would undesirably reduce the life of the slip seal.

Accordingly, it is desired ;to improve slip seals for eliminating welding or
other mechanical stress ﬁsers, and otherwise simplifying the design -and
manufacture thereof.

BRIEF SUMMARY OF THE INVENTION

A seal includes a seal ring with a circumferential split defining a-gap. An
arcuate bridge extends across the gap and nests in the seal ring. The bridge
includes an anchor ehq which engages the seal ring solely in friction to restrain
differential circumferential movement therebetween. The bridge also includes a
slip end engaging the's;eal ring on an opposite side of the gap with less friction
than the anchor érﬁid to permit differential circumferential moverhent
therebetween. |

BRIEF DESCRIPTION OF THE DRAWINGS.

The invention, in accordance with preferred and exemplary embodiments,
together with furthef 'objects and advantages thereof, is more particularly
described in the follo{lving detailed description taken in conjunction with the
accompanying drawings in which:

Figure 1 is a_njenlarged,-E axial sectional view through a portion of a gas
turbine engine turbine nozzle support "including a nested bridge seal in
accordance with an exemplary embodiment of the pre_sént invention.

Figure 2 is an elevational, end view of the bridge seal illustrated in Figure
1 in isolation. ' _

Figure 3 is an enlarged, partly sectional view of the nested bridge and
seal ring, and correé_ponding circumferential gaps thereof within the dashed
circle labeled 3 in Figure 2. |

Figure 4 is a transverse cross-section of a nested bridge seal in .
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accordance with an alterr'_ra_t_e embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

lllustrated in Frgure 1isa portron of an exemplary high pressure turbine
nozzle 10 of an aircraft gas turbme engine which may be sealed i m accordance
with the present invention. The nozzle includes a pluralrty of circumferentially
spaced apart nozzle vanes 12 only the radlally inner portion thereof berng
illustrated, which tum and accelerate hot combustion gases 14 received from an
upstream combustor (not shown) The vanes are integrally attached to a radially
inner band 16 which is in furn mounted to an annular supporting flange 18.
- In order to sealingly join the nozzle inner band 16 to the support flange
18, an annular nested bridge seal 20 in accordance with a preferred embodiment
of the invention is elastically axialiy compressed therebetween to reduce or
prevent radial leakage therepast.
 The application of the seal 20 illustrated in Figure 1 is just one of many
which may be found in the gas turbine engine as c'onventionally known. The
present invention is specifi caliy directed to improvements in the seal 20 itself
which is otherwrse conventronally used at any suitable Iocatlon in the gas turbrne
engrne or other apparatus |
The seal 20 is shown installed in Fi_gere 1andin is’olaiioh in Figure 2, and
is an assembly of components inciuding a seal ring 22 having a singie
circumferenfial split defining a c'orresponding' circumferential gap 24, and an
arcuate bridge 26 extending circumferentially across the ring gap 24 to prevent
teakage thereat. As shown in Flgurel 1, the seal ring 22 has a serpentrne
transverse cross-section and the bridge 26 has a complementary 'serpentine
cross-section which may take any conventional form for sealing axially adjomlng
stator components
_ As shown in more detail in Frgures 2 and 3, the bndge 26 includes a
proxrmal or anchor end 28 which nests or crcumferentially overlaps the seal ring
22 on one srde of the gap 24. The bndge also includes an opposrte distal or slip
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end 30 which also nests or circﬁmferentially overlaps the seal ring 22 on an”'
opposite side of the gap 24. _ _ _'

In accordance with the present invention, the bndge 26 engages the seal -
nng 22 solely in friction, “with greater friction at the anchor end 28 to restram or
prevent drfferentlal cwcumferentral movement therebetween and less frlctton at
the slip end 30 to permnt substantlally unrestrarned dlfferentlal circumferential
movement therewrth The seal rlng 22 itself may be cont‘ gured to seal adjoining
members in any conventlonal manner with its crrcumferentlal gap 24 belng
closed by the bndge 26 to prevent Ieakage thereat. In thls way, the bndge 26
provndes a slip jomt at the nng gap 24 permitting unrestralned expansuon and
contraction of the seal rlng 22 while srmultaneously seallng the gap 24,

Most signifi cantly, no weldlng, brazmg, or other mechamcal conne.ctton is
requrred between the nng 22 and the bridge 26 whrch would mcrease the
complexity of the desrgn and mtroduce undesrrable stress risers assocrated
therewith. The bridge and seal ring are simply 1orned together by thelr nested
configuration using fnctlon only. '

As shown in Frgure 1, both the seal nng 22 and bndge 26 have
complementary serpentlne transverse cross~sect|ons which are radlally
symmetrical, and elastrcally compressrble thereacross in the axial direction
between the adjommg inner band 16 and support ﬂange 18 rn a pocket
therebetween specrﬂcally conﬂgured therefor '

The seal ring 22 and bridge 26 each have a parr of radially extendlng and
axially opposrte reverse bends 32 whrch collectrvety deﬁne the serpentme cross-
section and provrde seahng surfaces for contactmg the adjomlng members

16,18. The reverse bends 32 are deﬂned by a plurallty of radrally open slots or
grooves 34 to effect the ax1ally elastlcally compresslble cross-sectlon The seal
20 is therefore aX|alIy flexible, but radrally rigid in cross-sectton due to the

serpentlne conﬁguratron Wthh has a generally hat—shape _
The nested seal ring 22 and bndge 26 rllustrated in Figure 1 are

'preferably formed of thin gauge sheet metal nestmg together in substantrally

identical serpentlne cross-section. Sheet metal is flexible and may be readily
4
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formed in the serpentine shape illustrated in Figure 1 using conventional
equipment. . ,

- As shown in Figure 2, the bndge anchor end 28 circumferentially overlaps
or nests the seal ring with a greater extent than the bridge slip end 30 to
frictionally secure the anchor end while allowing the slip end to slide relative to
the seal ring under radial expansion and contraction. |

In a preferred embodiment, the bridge anchor end circumferentially
overlaps the seal ring greater than a quadrant, or quarter of circle, and the bridge
slip end overlaps_ the seal ring iess than a quadrant. Since the bridge 26 is
attached to the seal ring solely by friction and the nested assembly thereof, it is
undesirable to have excessive friction at the slip end 30 which would prevent the
substantially unrestrained expansion and contraction of the seal nng with a
correspondlng mcrease and decrease in size of the end gap 24.

In the preferred embodiment illustrated in Figure 2, the bridge 26 is in the
form of a second full ring having a second circumferential split _deﬂning a bridge
gap 36, shown in more detail in Figure 3. In this configuration, the seal 20 is a
two-ply construction with both the ring 22 and bridge 26 extending substantially
360°, but for the corresponding end gaps 24,36,

In this two-ply configuration, the bridge gap 36 is dlsposed
circumferentially adjacent to the ring gap 24 within a single quadrant adjacent
thereto: clockwise, as shown, or counterclockwise therefrom. In this way, the

-circumferential extent of the slip end 30 is relatively short between the two gaps

24,36 to ensure substantially unrestrained slip movement between the slip end
30 and the adjoining seal ring 22.

Correspondingly, the bridge anchor end 28 extends over at least three
quadrants and a-portion of the fourth quadrant for maximizing the frictional
engagement with the seal ring to prevent differential circumferential movement
therebetween during operation. - The sole circumferential differential movement

- between the bridge and seal ring 22 occurs at the slip end 30.

The two-ply seal 20 may be readily manufactured using conventional
equipment, with the seal ring 22 and bridge 26 being initially formed in
5
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serpentine section with their end gaps 24,36 being aligned with each other.
Suitable circumferential force may then be applied to circumferentially rotate the
fing and bridge relative to each other to circumferentially separate the end gaps
24,36 and complete a full ring nesting therebetween. However, since the seal 20
is loaded primarily in' axial compression duﬁng 'opér"atibn‘ there is little if any
circumferential force applied ‘thereto which mlght change the relative
circumferential posmon of the gaps 24 36.

_ Friction alone is sufficient for maintaining assembled the seal ring 22 and
its ‘bridge 26 while also permitting substantially unrestrained radial expansion

and contraction of the seal for preventing the generation of undesirable stresses

therein. And, since the ring 22 ahd bridge 26 are simply nested together without
welding, brazing, or other mechanical discontinuity, the resulting assembly is
relatively simple and free of stress risers whuch would otherwise affect its
ultimate strength. ' ' ' o

As indicated ‘above, the seal 20 may have any conventional transverse
section and still enjoy the benefits of friction nesting. ‘For example, Figure 4
ilustrates an altémate embodiment of the seal, designated 38, having a
transverse cross-section in the conventional form of an E or W. Although the
transverse '-configuratid'n of the seal 38 illustrated in Figure 4 is slightly different
than the configuration of the seal 20 illustrated in Figu'r:'e 1, the same reference
numerals corresponding to the same parts are used including the seal ring 22
and bridge 26 deﬁnéd_'by different versions of the reverse bends 32 and radial
slots 34. o o | o

Whereas the ring gép 24 illustrated in Figure 2 would be hidden within the
bridge 26 for the seal 20, a corresponding ring gap for the seal 38 illustrated in
Figure 4 would be exposed. Correspondingly, the bridge gap 36 for the seal 20
illustrated in Figure 2is exposed, whereas the correéponding bridge gap for the
seal 38 illustrated in Figure 4 would be hidden by the seal ring 22.

In both embodiments, however, the seal ring 22 defines the outermost ply
thereof which engages the corresponding portions of the inner band 16 and
support flange 18 fbr--effecting'seals thereat. The corresponding bridges, in
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contrast, are provided for merely bridging the seal ring and gaps 24, and
normally do not otherwise provide a seal with the adjoining band 16 and flange
18. ,

The seal ring 22 and bridge 26 may have any other suitable transverse
configuration for effecting sealing, with these two components beirig retained
togethe; by friction-only to permit substantially unrestrained differential thermal
expansion and contraction of the seal ring during operation. .

While there have been described herein what are considered to be
preferred and exemplary embodiments of the present invention, other
modifications of the invention shall be apparent to those skilled in the art from the
teachings herein, and it is, therefore, desired to be secured in the appended
claims all such modifications as fall within the true spirit and scope of the
invention. : _ -

Accordingly, what is desired to be secured by Letters Patent of the United
States is the invention as defined and differentiated in the following claims:
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WHAT IS CLAIMED IS:

- S T B S

a seal ring having a serpentine cross-section, and a circumferential split
therethrough defining agap; =~ ' S _

1. A seal comprising:

an arcuate bridge extending circumferentially across said gép, and having

a serpentine cross-section being Cbmplem'entary with said seal ring for nesting
an anchor end of said bridge with said seal fing on o:jne{’f: side of said gap, and
nesting in an opposite slip end of said bridge with said_‘-é'éal ring on an opposite
side of the said gap; and" - o '

said bridge engages said seal ring solely in friction, with greater friction at
said anchor end to restrain differential circumferential movement, and less

friction at said slip end to permit differential circumferential movement.

2 A seal according to claim 1 wherein said seal ring and bridge are
symmetrical in said serpentine cross-section, and ‘elastically compressible
thereacross.

3. - A seal according to claim 2 wherein said seal fﬁng includes a pair of
reverse bends collectively defining said serpentine crds__s-section and providing

* sealing surfaces for adjoining members.

4. A seal according to claim 3 wherein said seal ring and bridge are sheet
metal nesting together in substantially identical serpentiné cross-section.

5. A seal according to claim 2 wherein said bridge anchor end
circumferentially overiaps said seal ring with a greater extent than said bridge
slip end. c |

6. A seal according to clam 5 wherein said bridge anchor end
circumferentially overlaps said seal nng greater than q:quadrant, and said bridge
8
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slip end overlaps said seél_ ting less than a quadrant. ' I |!I|“c| I“I‘Ll “lu “ILI “ l!II

7. A seal according to claim 5 wherein said bridge comprises a ring having a
circumferential split defining a bridge gap.

8. A seal according to claim 7 wherein said bridge gap is disposed
circumferentially adjacgrit to said ring gap.

9. A seal according to claim 8 wherein said bridge gap is disposed within a
quadrant of said ring gap.

10. A seal according to claim 9 wherein said seal ring and bridge include a

plurality of radially open slots to effect said elastically compressible cross-

section.



